There are about 9 sections of private land in the quadrangle and 5 sections belonging to the state of Arizona. The balance is public land administrated by the U.S. Bureau of Land Management, Arizona Strip District in St. George, Utah. The area supports sparse growth of desert shrubs, mainly creosote bush and cactus. Dense growths of tamerisk (Salt Cedar), cottonwood, and willow trees thrive along the alluvial terraces and banks of the Virgin River. A variety of water loving plants thrive in warm spring waters on the east side of the Virgin River near the Interstate 15 bridge, and in Beaver Dam Wash, northwest corner of the quadrangle.
PREVIOUS WORK The quadrangle area is included on two Arizona state geologic maps, one by Wilson and others (1969) , and the other by Reynolds (1988) , but these maps show only regional geology at a scale 1:500,000 and 1:1,000,000. A regional geologic map showing a little more geologic detail of the area at 1:62,500 scale was published by Moore (1972) . A preliminary geologic map of the Mountain Sheep Spring quadrangle, east of this quadrangle, was made by Hintze (1986) . Another geologic map of the Mountain Sheep Spring quadrangle was made by Bohannon and others (1991) .
MAPPING METHODS A preliminary geologic map of this quadrangle was made from 1:24,000 scale 1976 aerial photographs. In particular, many of the Quaternary alluvial units having similar lithologies and intertonguing boundaries were mapped using photogeologic methods. These units were differentiated from one another by topographic expression, amount of dissection by washes, difference in albedo, morphologic character, physical position, and amounts and types of covering vegetation. Field investigations were then conducted to check photo interpretations and to obtain descriptions of map units. All Quaternary map units are mapped as shown on 1976 aerial photos. Some terrace deposits along Beaver Dam Wash and the Virgin River will change because of erosion and flood alterations.
GEOLOGIC SETTING The Littlefield quadrangle lies along the eastern edge of the Virgin River depression (Bohannon and others, 1993) , one of several basins in the eastern part of the Basin and Range physiographic province of northwestern Arizona. The Virgin River depression abuts the Beaver Dam Mountains (northeast corner of the quadrangle) and the Virgin Mountains (southeast corner of the quadrangle). The Beaver Dam and Virgin Mountains are the easternmost mountains in this part of the Basin and Range, and they are separated from the Colorado Plateau province by the Grand Wash Fault about 13 km (8 mi) east of this quadrangle. The Virgin River depression is approximately 4,875 m (16,000 ft) deep and filled with intra-basin alluvial sediments (Bohannon and others, 1993) . Only the top 60 m (200 ft) of these sediments, the Muddy Creek Formation (Miocene and Pliocene), which includes ancestral conglomerate of Beaver Dam Wash and the Virgin River, are exposed in this quadrangle. The Beaver Dam and Virgin Mountains were formed by middle Miocene extension and strike-slip faulting resulting in the exposure of Proterozoic crystalline metamorphic and igneous rocks that are overlain by extensively faulted and folded Paleozoic and Mesozoic strata.
The Paleozoic and Proterozoic rocks in the Beaver Dam and Virgin Mountains of this quadrangle correlate with those described by Hintze (1986) , Bohannon and others (1991) , and . Tertiary strata of the Muddy Creek Formation include siltstone, sandstone, calcrete, and conglomerate. Conglomerate beds within the Muddy Creek consists of an older multicolored, well-rounded quartzite clasts about 30 to 35 m (100 to 115 ft) below the top-most exposed beds of the Muddy Creek about 1 km south and southwest of this quadrangle (sec. 15, T. 40 N., R. 16 W.). A younger conglomerate contains rhyolitic clasts near Beaver Dam Wash, and basaltic clasts near the Virgin River. These conglomerates represent an ancestral deposit of Beaver Dam Wash and the Virgin River that pinch out within the upper fine-grained sediments of the Muddy Creek Formation (see correlation chart). The basaltic clasts within the conglomerate are probably Pliocene age or younger based on mapping and K-Ar ages of basalt flows upstream of the Virgin River in Utah and Arizona, which are late Pliocene and Pleistocene (Billingsley 1993; in press ). The ancestral conglomerates of Beaver Dam Wash and the Virgin River have mixed together below the confluence of Beaver Dam Wash and the Virgin River to become one conglomeratic deposit of the ancestral Virgin River.
The Tertiary Muddy Creek Formation is overlain by a relatively thin Cenozoic deposit of pediment calcrete, except east of the Virgin River where alluvial fan deposits of unknown thickness bury the Muddy Creek Formation. The Cenozoic deposits include stream-channel deposits, sand sheets and dunes, terrace-gravels, alluvial fans, talus and colluvium, and minor landslide debris. These alluvial deposits form distinctive geomorphic features and have intertonguing or gradational contacts. The distribution of the Tertiary and Quaternary deposits are important for future considerations of human resource development and environmental and range management planning of this area by federal, state, and private organizations. Resource considerations include flood-control, roads, buildings, erosion control, farming, and endangered plant or animal habitats. The composition of materials in surficial units may have significant impact to urban and range management development.
The Quaternary age assigned to the surficial alluvial deposits in this quadrangle are based on the similarity of desert-varnish development observed for Quaternary deposits at the Nevada Test Site, (Hoover and others, 1981) , to similarity of established Quaternary deposits of the Colorado Plateau area (Billingsley, 1993; 1994; in press) , and to geomorphic field relationships.
GEOLOGIC STRUCTURE The Virgin River depression is a large tectonic basin extensionally deformed during Miocene time and filled with a thick sequence of basin-fill deposits. The reddish-brown or light-gray siltstone, sandstone, and calcrete of the upper Muddy Creek Formation is exposed in erosional cuts along Beaver Dam Wash, the Virgin River, and their tributaries. Thickness of the Muddy Creek Formation averages about 884 m (2,900 ft) in this area (Bohannon and others, 1993) , but only the upper 60 m (200 ft) is exposed in this quadrangle.
Sometime during the Pliocene, specific time unknown, the finer-grained and lower (older) quartzite conglomerate deposits within the Muddy Creek was subsequently eroded by an ancestral Beaver Darn Wash and Virgin River drainage. This erosion was incised about 200 rn (650 ft) into the Muddy Creek Formation below the town of Mesquite, Nevada (Van Williams, U.S. Geological Survey, written cornrnun., 1995) and resulted in a local erosional unconformity filled with an ancestral Virgin River conglomerate inset into the finer-grained Muddy Creek sediments and overlain by fine-grained sediments of the Virgin River.
In this quadrangle, the ancestral erosion of Beaver Dam Wash and the Virgin River is less than that below the town of Mesquite with an average depth of about 35 rn (115 ft). However, the Beaver Dam Wash and Virgin River conglomerate do not appear to be inset into the fine-grained Muddy Creek Formation, but instead, appear to pinch out into the Muddy Creek. Thus, the fine-grained sediments that overly the Beaver Dam Wash and Virgin River conglomerate are not readily separated frorn · one another where the conglomerate deposits are absent. The fine-grained sediments overlying the conglomerate may be reworked deposits of the Muddy Creek Formation redeposited by Beaver Darn Wash and the Virgin River, but because of the lack of an unconformity or mappable boundary beyond the conglomerate pinchout, all fine-grained sediments below and above the conglomerate are mapped as part of the upper Muddy Creek Formation in this quadrangle.
Subsequent tilting of the Muddy Creek deposits, including the ancestral Beaver Dam Wash and Virgin River conglomerate, allowed for development of a thick calcrete soil over the Muddy Creek sediments during the late Pliocene and early Pleistocene that formed a low-angular unconformable contact. The calcrete deposits and underlying Muddy Creek sediments were later subjected to further tilting and faulting, probably during the early Pleistocene.
Sometime in the early Pleistocene? a modern Beaver Darn Wash and Virgin River drainage eroded headward from the southwest into the pediment calcrete and upper Muddy Creek deposits as much as 100 rn (300 ft) deep. The modern Beaver Darn Wash and Virgin River were subsequently filled with fluvial conglomerate, gravel, and sand deposits that form terraces. The modern Beaver Dam Wash and Virgin River drainages appear to alternate between periods of aggradational accumulation of sediments and degradational downcutting. The Quaternary terraces and adjacent inset alluvial fans along Beaver Darn Wash and the Virgin River are the result of cyclical aggradation and degradation probably caused mostly by climatic fluctuations. The Quaternary deposits are partly modified by Tertiary and Quaternary tectonic deformation associated with uplift of the Virgin Mountains and subsidence of the Virgin River depression.
Pliocene? and Pleistocene faulting and folding is common in the western part of the Littlefield quadrangle. Sediments of the Muddy Creek Formation and the pediment calcrete deposits, have been gently tilted east with dips as much as 4 degrees in the western half of the quadrangle. A brief reconnaissance of the Muddy Creek and calcrete deposits west of this quadrangle indicate a gentle west-dipping limb of a broad anticlinal crest, the axis of which lies about 6 km west of this quadrangle. The east dipping Muddy Creek Formation and calcrete sediments are offset by several normal high angle faults and grabens that have general displacements down to the west. Maximum offset on a single fault is 36 m (118 ft), northwest quarter of quadrangle.
Faulting of older alluvial fans south and north of this quadrangle are probably associated with the faulting in the Beaver Dam Wash area. Young stream deposits (Qls and Qas), sand (Qd), intermediate and younger terracegravel (Qg«, Qg2 , and Qg3 ), and intermediate and younger alluvial fan (Qa 1 and Qa2 ) deposits are not faulted or folded in this quadrangle. Thus, faulted strata of the upper Muddy Creek Formation, the ancestral Beaver Dam Wash and Virgin River conglomerate, and the pediment calcrete deposits suggests that the latest pulse of tectonic activity in this quadrangle began during the late Pliocene? and probably continued into the middle Pleistocene. It is probable that tectonic activity is still potentially active in this quadrangle.
The Virgin River depression is separated from the Beaver Dam and Virgin Mountains by the Piedmont Fault (Moore, 1972 (Beus, 1980 
